All operations with air and moisture sensitive compounds were performed under conventional Schlenk technique or in a glovebox. Volatile compounds were handled in a vacuum line. Toluene was dried over potassium, n-hexane and n-pentane over LiAlH 4 , dichloromethane over P 4 O 10 and distilled prior to use. C 6 D 6 and toluene-d8 were dried over Na/K alloy, CDCl 3 and CD 2 Cl 2 over P 4 O 10 . 1,1-Diphenylethylene (8) and allyl bromide were obtained from SIGMA ALDRICH, N-methylaniline from ALFA AESAR, aniline from MERCK, hydrogen (5.0) from LINDE and deuterium (99.8 atom% D) from ISOTEC. Bis(pentafluorophenyl)borane (3), [1] tris(pentafluorophenyl)borane (7), [2] 1-(cyclopent-1-en-1-yl)piperidine (9), [3] N-benzylidene-tert-butylamine (10) [4] and (β-styryloxy)trimethylsilane (11) [5] were prepared as described in the literature. NMR spectra were recorded using BRUKER AV 300, BRUKER DRX 500, BRUKER Avance III 500 and BRUKER AV 600 spectrometers at ambient temperature if not noted otherwise. NMR spectroscopic chemical shifts were referenced to the residual proton or carbon peaks of the used solvents [6] ( 1 H, 13 C) or externally ( 11 B: BF 3 ·OEt 2 ; 19 F: CFCl 3 ; 31 P: 85% H 3 PO 4 in H 2 O). Elemental analyses were carried out using a EuroEA Elemental Analyzer. EI mass spectra were recorded using an Autospec X magnetic sector mass spectrometer with EBE geometry (VACUUM GENERATORS, Manchester, UK) equipped with a standard EI source. Samples were introduced by push rod in aluminium crucibles. Ions were accelerated by 8 kV in EI mode. ESI mass spectra were recorded using an Esquire 3000 ion trap mass spectrometer (BRUKER DALTONIK GMBH, Bremen, Germany) equipped with a standard ESI source. Samples were introduced by direct infusion with a syringe pump. Nitrogen served both as the nebulizer gas and the dry gas. Only the masses with highest isotopic distribution are listed.
Synthesis of N-allyl-N-methylaniline (1)
091 mol) in an ethanol water mixture (425 mL, 4:1, v/v) was added allyl bromide (13.6 g, 0.11 mol) and Na 2 CO 3 (9.92 g, 0.094 mol). After stirring for 2 hours at ambient temperature the reaction mixture was heated at 100 °C overnight. For workup water (100 mL) was added and the aqueous phase extracted three times with dichloromethane (150 mL each). The combined organic extracts were dried over Na 2 SO 4 and the solvent evaporated under reduced pressure. The crude product was stirred over CaH 2 overnight and the dry product 1 (9.91 g, 0.067 mol, 72%) obtained after distillation under reduced pressure (81 °C, 10 mbar). 
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CHN analysis: Calcd. for C 10 H 13 N: C, 81.6; H, 8.9; N, 9.5%. Found: C, 81.5; H, 9.4; N, 9.4%. 
Synthesis of N,N-diallylaniline (2)
Diallylaniline was prepared by an modified procedure described by Schmidt et al. [7] NH 2 Br Na 2 CO 3, EtOH, H 2 O 80°C N To a solution of aniline (9.88 g, 0.11 mol) in an ethanol water mixture (425 mL, 4:1, v:v) were added Na 2 CO 3 (11.3 g, 0.11 mmol) and allyl bromide (30.1 g, 0.25 mmol). After stirring for 30 minutes at ambient temperature the reaction mixture was heated at 80 °C for 1 day. For workup water (100 mL) was added to the red solution and the aqueous phase extracted three times with dichloromethane (150 mL each). The combined organic extracts were dried over Na 2 SO 4 and the solvent evaporated under reduced pressure. The crude product was stirred over CaH 2 overnight and the dry product 2 (8.26 g, 47.7 mmol, 45%) obtained after distillation under reduced pressure (99 °C, 7mbar 
Hydroboration of N-allyl-N-methylaniline 4
N HB(C 6 F 5 ) 2 n-hexane
To a solution of N-allyl-N-methylaniline (1) (112 mg, 0.76 mmol) in n-hexane (5 mL) was added bis(pentafluorophenyl)borane (3) (264 mg, 0.76 mmol) and the colorless suspension was stirred at ambient temperature for 4 days. The suspension was filtered through a glass microfiber filter, the solvent evaporated from the resulting yellow solution and dried in vacuo to yield the pure hydroboration product 4 (143 mg, 0.29 mmol, 38% To a colourless solution of N,N-diallylaniline (2) (106 mg, 0.61 mmol) in n-hexane (10 mL) was added bis(pentafluorophenyl)borane (3) (424 mg, 1.23 mmol). The yellow suspension was stirred at ambient temperature for two days. The solvent was condensed off, the resulting yellow solid dissolved in dichloromethane (5 mL) and the product crystallized at −30 °C. The supernatant was taken off with a syringe, the slightly yellow solid washed with n-pentane (2 mL) and dried in vacuo to yield the product 5 (251 mg, 47% 
Bis(pentafluorophenyl)propylborane (6)
Bis(pentafluorophenyl)borane (3) (255 mg, 0.74 mmol) was suspended in n-pentane (5 mL). The suspension was frozen in liquid nitrogen, evacuated and propene (7.4mmol) was condensed onto the frozen suspension at −196 °C. The reaction flask was backfilled with nitrogen, connected to a bubbles counter and warmed to ambient temperature. The colorless suspension was stirred overnight, filtrated over a glass microfiber filter and the solvent evaporated from the filtrate to yield bis(pentafluorophenyl)propylborane (9) 
H/D-scrambling experiments
A young NMR tube was charged with 0.019 mmol catalyst and 0.5 mL CD 2 Cl 2 . The solution was degassed two times by freeze-pump-thaw procedure and backfilled with one atmosphere of a 1:1 mixture of hydrogen and deuterium, premixed in a special 60 mL glass tube. [8] The NMR tube was kept at ambient temperature. The formation of HD was observed by 1 
Catalysis study In high pressure NMR tubes
A Wilmad high pressure NMR tube was filled with a solution of 0.1 mmol unsaturated reactant 8-11 and 6 Mol% catalyst in 0.5 mL CD 2 Cl 2 and filled with 6 bar pressure hydrogen. The catalytic reaction was monitored by 1 H NMR spectroscopy.
In a steel autoclave
Four glass tubes in a steel autoclave were charged with a magnetic stir bar and 6 Mol-% of following catalyst systems: a) compound 4, b) compound 5, c) compound 4 and 6, d) compound 6. The tubes were filled with 3 mL of the same solution of imine 10 (0.31 M, 0.93 mmol) or silylenol ether 11 (0.25 M, 0.75 mmol), respectively. The autoclave was sealed, purged three times with hydrogen and then pressurized to 6 bar with hydrogen. The mixtures were stirred for 4 or 18.5 h, the autoclave opened inside a glovebox, the reaction solutions transferred into flasks and dichloromethane was condensed off. The conversion was determined by the 1 H NMR spectra of the raw products.
Crystallographic data
The crystal structure was determined at 100.0(1) K by X-ray diffraction using Cu-Kα radiation (λ = 1.5418 Å) on a Agilent SuperNova diffractometer. Using Olex2 [9] , the structure was solved with the SHELXS [11] structure solution program using direct Methods and refined with the SHELXL [10] refinement package using least squares minimization. Data are listed in Table S1 . CCDC 1449801 contains the supplementary crystallographic data for this paper. These data can be obtained via www.ccdc.cam.ac.uk/dara_request/cif free of charge from The Cambridge Crystallographic Data Center. 
Computational details
Density functional theory (DFT) calculations were performed using the Turbomole 7.0 [11, 12] software package.
Structures were optimized at PBEh-3c level of theory. [13] Stationary points were proven to be minima on the potential energy surface by harmonic frequency analyses. Here, two geometries (open-5 and 5-H 2 ) exhibited very small (< 2 cm −1 ) imaginary frequencies, which we think can be ascribed to numerical artefacts. Corrections to Gibbs free energies (δ solvation ) were calculated at standard conditions. In addition, single-point energies at PW6B95-D3BJ(abc)/def2-TZVP [14] [15] [16] [17] [18] level of theory were calculated, both, applying the COSMO approach [19] (CH 2 Cl 2 , ε = 8.93) to include solvation effects, and in the gas phase. To accelerate the geometry optimizations and frequency calculations the density-fitting RI-J approach was used. [20] The absolute values for Gibbs free energy are provided in Table S2 , cartesian coordinates for all compounds in Tables S3-S9 and optimized structures in Figures S23-S29 . In the latter, fluorine and hydrogen atoms, apart from those resulting from hydrogen splitting, are only adumbrated for clarity reasons. 
